* Correspondent: vjojic@ibiss.bg.ac.rs Dinaric-Balkan and Carpathian gray wolf (Canis lupus L., 1758) populations, although geographically separated, occupy closely situated areas in the territory of Serbia. We studied morphological variation in the skull to investigate whether the two populations are distinguishable despite the animals being very large and highly mobile and seeming to form one continuous population. The size and shape of the mandible and cranium in the lateral view were compared between sexes and populations using landmark-based geometric morphometrics. Significant differences between sexes and populations were found for size and shape of both structures. Males were larger than females in both populations, and Carpathian were larger than Dinaric-Balkan wolves. Principal component analysis revealed the cranium to be a highly discriminative skull structure. Zygomatic arches were located anteriorly in males and posteriorly in females. Dinaric-Balkan wolves had a more elevated snout and sagittal crest than Carpathian wolves. Difference between Dinaric-Balkan and Carpathian wolves in the cranial flexion was observed for the first time in a comparative study of wolf populations. Present-day separation of Dinaric-Balkan and Carpathian wolf populations could have originated from 2 different glacial refuges. We presume that the observed morphometric divergence between the populations is not only a relic of the last glacial maximum but was further strengthened and shaped by synergistic effects of environmental factors and social behavior (territoriality and a dispersal mechanism influenced by the natal habitat).
although geographically separated, occupy relatively closely related areas. We applied landmark-based geometric morphometrics in a study of morphological variation in the skull to investigate whether the two populations are distinguishable, despite the animals being very large and highly mobile and seeming to form one continuous population.
Morphological variability of the wolf skull has been investigated from many different perspectives. Analyzing wolves from northwestern Nearctic localities, Jolicoeur (1959) found that northeastern wolves have shorter and relatively broader skulls than southwestern individuals, and that eastern wolves have a shorter palate and longer upper carnassial teeth than western wolves. Lawrence and Bossert (1967) showed that skulls of wolf, coyote, and domestic dog are clearly and significantly distinguished, with wolf and dog resembling each other more than either does the coyote. Additionally, they found that the red wolf, C. niger (C. lupus rufus- Wilson and Reeder 2005) , forms a cluster with wolf and is sharply distinct from coyote and dog. Okarma and Buchalczyk (1993) revealed significant differences in several craniometrical characteristics between mountain and lowland wolf populations. They also noticed that males were larger than females. Clutton-Brock et al. (1994) found that the skulls of arctic wolves underwent significant changes in size (an overall reduction) and shape (widening of the cranium and shortening of the facial region) during the 20th century. Furthermore, Nowak and Federoff (2002) showed that wolf skulls from the Italian peninsula with relatively narrow palate between P1, broad frontal shield, and shallow jugal sharply differ from other Eurasian C. lupus and confirmed a distinct subspecific rank for Italian Apennine wolves. Milenković (1997) distinguished 2 different phenotypes of wolf skulls from former Yugoslavia: relatively short and broad skulls with somewhat concave foreheads and curved mandibles (Dinaric-Balkan type), and relatively long and narrow skulls with flat foreheads and mandibles (Carpathian type).
The shape variation described by the traditional morphometric approaches used in previous studies is restricted to the measurements themselves (Bookstein 1991), which do not adequately describe the location of morphometric variability (Marcus 1990 ). However, geometric morphometric methods are powerful tools for describing and analyzing biological forms (Bookstein 1991; Dryden and Mardia 1998; Marcus and Corti 1996; Rohlf and Marcus 1993) . Geometric morphometric approaches separate size and shape components of morphological variation while preserving complete information about the relative spatial arrangements of the data. This leads to multivariate statistical procedures for testing differences in shape and allows visualization of group and individual differences, sample variation, and other results for original specimens (Cardini and Tongiorgi 2003; Slice et al. 1998; Zelditch et al. 2004) . Although geometric morphometric methods have been applied mostly in rodents and primates, carnivores also were included in studies on different aspects of their evolution (Christiansen 2008; Figueirido et al. 2009; Goswami 2006a Goswami , 2006b Marcus et al. 2000; Meloro et al. 2008) .
MATERIALS AND METHODS
Specimens and data collection.-A total of 54 adult skulls of 2 (Dinaric-Balkan and Carpathian) populations of European gray wolves (C. lupus L., 1758) was examined. Adults were identified on the basis of several criteria: fused sphenooccipital suture, degree of ossification of the cranial sutures, zygomatic breadth, and tooth wear (Gipson et al. 2000) . Specimens of the Dinaric-Balkan population (n 5 38, 27 males and 11 females) were collected from 11 locations: Sjenica (43u169N, 20u019E), Tutin (42u599N, 20u209E) , Užice (43u529N, 19u509E) , Raška (43u179N, 20u379E) , Prijepolje (43u239N, 19u399E), Nova Varoš (43u289N, 19u499E), Priboj (43u359N, 19u329E) , Nevesinje (43u159N, 18u069E), Gacko (43u139N, 18u219E), Stolac (43u049N, 17u579E), and Mount Zlatar (43u269N, 19u449E) , and specimens of the Carpathian population (n 5 16, 12 males and 4 females) were collected from 2 locations: Deliblatska Peščara (44u549N, 21u059E) and Mount Vršački Breg (45u089N, 21u249E) in former Yugoslavia. Because Deliblatska Peščara and Vršački Breg are on the periphery of the distribution of the Carpathian population and are represented by a small number of individuals (M. Paunović, Ministry of Environment and Spatial Planning of the Republic of Serbia, pers. comm.), we could not obtain a larger sample of Carpathian specimens. The sample area of the Dinaric-Balkan wolf population occupies a region that is heterogeneous with respect to topographic relief (from Dinaric limestone karst to hills and mountains), climate (from subMediterranean, continental, to mountainous), and vegetation (from sub-Mediterranean deciduous woodlands and shrubs to continental deciduous and coniferous woodlands). Although characterized by the same continental climate type, the Deliblatska Peščara and Vršački Breg localities also are very diverse in relief (aeolian sandy dunes versus mountain terrain) and vegetation (steppes and woodland steppes versus continental deciduous woodlands).
Digital images (2,272 3 1,520 pixels resolution) of mandibles and crania were taken using a Nikon COOL-PIX4500 digital camera (Refot B, Belgrade, Serbia). Images of left mandibles were obtained in labial view and images of crania in lateral view. Overall, 54 mandibles and 52 crania were analyzed using geometric morphometric procedures (Bookstein 1991; Dryden and Mardia 1998; Rohlf and Marcus 1993) . Two-dimensional landmarks were recorded using the tpsDig software . Thirteen landmarks were taken on the mandible and 14 on the cranium (Table 1; Fig. 2 ). Most of these landmarks were of type I or type II after Bookstein (1991) .
Geometric morphometrics and statistical analyses.-The landmark coordinates of all specimens were aligned using a Procrustes superimposition, and shape information was extracted from landmark data. Using the Procrustes superimposition routine, landmark configurations were scaled to unit centroid size, translated so that they have a common center of gravity, and rotated to minimize the sum of squared distances between landmarks of each configuration to the corresponding landmarks of a consensus configuration (Rohlf and Slice 1990 ). This procedure eliminates the variation of landmark configurations due to scaling (size differences), position, and orientation. The variation remaining in the coordinates of superimposed landmark configurations contains complete information about shape variation (Klingenberg et al. 2003b (Klingenberg et al. , 2004 , and information about overall size is preserved in a variable called centroid size. Centroid size (CS) is an overall size measure and was estimated as the square root of the sum of squared distances between each landmark and the centroid of the landmark configuration. Procrustes superimposition was performed for the mandible and cranium separately using tpsRelw software (Rohlf 2007 ).
Centroid size was compared between sexes and populations with a 2-way (sex and population) analysis of variance. To compare shape between sexes and populations, Procrustes distances between the mean shapes of respective groups were computed. Procrustes distance, the measure of shape difference between 2 forms, is the square root of the sum of squared distances between landmarks after Procrustes superimposition (Bookstein 1991). The computer program, TwoGroup6h, IMP series (Sheets 2000) , was used for Procrustes distance calculations. The statistical significance of the observed Procrustes distances was assessed using bootstrapped F-test incorporated in the same software.
The relationship between shape and size (i.e., allometry) was examined through multivariate regression of the shape variables onto natural log-transformed CS (log CS). The total Table 1 for landmark definitions. Anterior edge of the canine alveolus sample was partitioned according to sex and population into 4 groups (Dinaric-Balkan males, Dinaric-Balkan females, Carpathian males, and Carpathian females). Before regression, multivariate analysis of covariance (with shape variables as dependent variables, group as the categorical factor, and log CS as the continuous factor) was performed to test for homogeneity of slopes among groups. The slopes of the regression lines were the same among groups. Thus, allometry tests were based on pooled within-group regression by a permutation test with 10,000 iterations under the null hypothesis of independence between size and shape, by randomly exchanging the value for log CS among individuals (Edgington 1995; Good 1994; Klingenberg et al. 2003a) . Multivariate regression was carried out with MorphoJ software package (Klingenberg 2008) . The obtained shape changes per unit of size increase, together with the scatter plot of the regression scores against corresponding size, allowed us to describe variation in allometric shape. To examine the nonallometric component of shape variation, residuals from the regression of shape on size were used for subsequent analysis (Drake and Klingenberg 2008; ).
We conducted principal component analysis (PCA) to explore shape data with no sample size restriction. Small sample size can affect estimations of mean shape, but variance of shape is fairly accurate even in relatively small samples (Cardini and Elton 2007) . PCA produces a set of new shape variables (the principal components, PCs) that are not correlated. Small subsets of PCs account for the majority of the within-group variation, and therefore PCA is a very effective method for data reduction (Klingenberg and McIntyre 1998; Klingenberg et al. 2001 ). This property of PCA is important in the context of shape analyses where data usually have high dimensionality (the number of shape variables extracted from two-dimensional morphometric data is 2n 2 4, where n is the number of landmarks). Finally, we used PCA as an ordination method to identify any a priori groups that might be seen in the PC plot (Cardini and O'Higgins 2004; Willmore et al. 2006) . Wireframe deformations along each PC axis were shown to illustrate shape changes along them. Wireframe deformations visualize shape differences between the mean landmark configuration and configuration shifted up or down along the respective PC axis. PCA was performed using MorphoJ (Klingenberg 2008) .
RESULTS
Centroid size and overall shape variation.-The CSs of the mandible and cranium were significantly different between sexes (mandible: F 1,50 5 13.83, P 5 0.005; cranium: F 1,48 5 19.24, P 5 0.0001) and populations (mandible: F 1,50 5 6.91, P 5 0.0114; cranium: F 1,48 5 12.96, P 5 0.0008), and sex 3 population interactions were not significant (mandible: F 1,50 5 0.01, P 5 0.9134; cranium: F 1,48 5 0.14, P 5 0.7122). Males were, on average, larger than females in both populations, and Carpathian wolves were larger than wolves from the DinaricBalkan population (Fig. 3) . Statistically significant Procrustes distance values between sexes and populations were obtained for both analyzed skull structures. However, the greatest Procrustes distance value was computed for the cranium between Dinaric-Balkan and Carpathian wolves (Table 2) .
Allometric versus nonallometric component of mandibular shape variation.-Permutation test indicated that regression of shape on log CS was statistically significant (P 5 0.0046), and allometry accounted for 6.58% of the variation in shape. Slopes of the allometric regression lines among the sexes and populations were all equal, but the intercepts were different (Dinaric-Balkan males: shape score 5 20.9967 + 0.1315 * log CS; Dinaric-Balkan females: shape score 5 20.8287 + 0.1126 * log CS; Carpathian males: shape score 5 23.5630 + 0.4716 * log CS; Carpathian females: shape score 5 22.9339 + 0.3908 * log CS). The accompanying wireframe deformation showed that larger mandibles tended to be slightly narrower (Fig. 4a) . Principal component axes 1 and 2 (PC1 and PC2) combined to explain 64.7% of the variation in nonallometric shape. PC1 (accounting for 41.1% of the variation) separated DinaricBalkan males from Dinaric-Balkan females, and PC2 (accounting for 23.5% of the variation) tended to separate Dinaric-Balkan from Carpathian wolves (Fig. 4b) . The shape changes along each axis were visualized using wireframe deformations obtained by regressing the shape variables onto the respective axes. The most noticeable shape deformation associated with the lowest values of PC1 (Dinaric-Balkan males) was dorsoventral stretching of the whole mandible. Additionally, in Dinaric-Balkan males landmark 13 (posterior end of the symphysis between the dentary bones) was moved backward. Dorsoventral contraction of the whole mandible, and landmark 13 shifted forward, accompanied the highest values of PC1 (Dinaric-Balkan females). The most prominent shape deformations along the PC2 axis were elevation of the most anterior part of the mandible comprising the incisors and canine alveoli and compression of the region consisting of the premolar and molar alveoli in Dinaric-Balkan wolves. Consequently, Dinaric-Balkan wolves have more concave mandibles compared with Carpathian wolves.
Allometric versus nonallometric component of cranial shape variation.-Size accounted for 6.38% of shape variation, and the permutation test indicated that allometric effect was statistically significant (P 5 0.0154). Again, regression slopes among the analyzed groups were homogeneous, but the intercepts were different (Dinaric-Balkan males: shape score 5 21.5031 + 0.1947 * log CS; Dinaric-Balkan females: shape score 5 21.6019 + 0.2078 * log CS; Carpathian males: shape score 5 21.9278 + 0.2487 * log CS; Carpathian females: shape score 5 20.8692 + 0.1116 * log CS). As evidenced by wireframe deformation associated with allometry, crania tend to be dorsoventrally compressed with increasing size (Fig. 5a) .
As revealed by multidimensional nonallometric shape relationships illustrated by the plot of the first 2 PC axes, the population of Carpathian wolves was clearly separated from the Dinaric-Balkan population along the PC1 axis (accounting for 45.4% of the variation), and the 2nd PC axis (accounting for 15.3% of the variation) tended to separate males from females (Fig. 5b) . The main shape changes between the Dinaric-Balkan (positive scores on PC1) and Carpathian populations (negative scores on PC1) were in the snout, which was elevated relative to basicranium in DinaricBalkan wolves and lowered in Carpathian wolves. A further distinction between the Dinaric-Balkan and Carpathian populations was in the sagittal crest, which was moved upward in Dinaric-Balkan and downward in Carpathian wolves. The most noticeable shape difference between the sexes was variation in landmarks 9 (superior point where the zygomatic process of squamosal joins jugal) and 10 (rearmost superior point where the jugal meets maxilla), which were shifted anteriorly in males but posteriorly in females (Fig. 5b) .
DISCUSSION
As evidenced by geometric morphometrics, Dinaric-Balkan and Carpathian wolf skulls are morphologically distinct in terms of both size and shape. Male skulls are larger than female ones in both populations, in agreement with previous findings (Hillis 1996; Jolicoeur 1959; Milenković 1997; Nowak 1979; Okarma and Buchalczyk 1993) . We also found significant differences in mean shape between the sexes for both mandible and cranium. Although significant differences in size between the sexes and a clear separation of males and females on the allometry regression plots were found, males and females are following the same allometric scaling pattern (they have equal regression slopes), but they actually are scaled to different sizes (they have different intercepts). The most marked nonallometric shape change between the sexes was an anterior-posterior shifting of zygomatic arches, which could be significant because under zygomatic arches the jaw muscles reach from the lower jaw to the back of the skull. Masticatory muscles comprise the major loading on the skull, influencing its growth and morphology (Russell and Thomason 1993) . Furthermore, their activation and coordination determine the direction of jaw movement and control occlusal force (Herring 2007) . Thus, the shift of zygomatic arches could influence muscle crosssectional area and consequently efficiency of biting. Hillis (1996) emphasized the division of labor between the sexes, with males more highly specialized for capturing and killing large prey and females more specialized for a nurturant role, as the most plausible explanation for evolution of sexual dimorphism in these pack-living canids.
We found that Carpathian wolf skulls are significantly larger than those of the Dinaric-Balkan population probably due to Bergmann's rule as a common adaptation to colder environment at higher latitudes. Our results indicate that cranium is a highly discriminative skull structure between Dinaric-Balkan and Carpathian wolf populations (Procrustes distance of 0.031), with the most conspicuous differences in the positions of the snout and sagittal crest (Fig. 6) . DinaricBalkan wolves are characterized by an elevated snout relative to basicranium. These changes in nonallometric cranial flexion are associated with similar changes in mandibles, with more concave mandibles in Dinaric-Balkan than in Carpathian wolves. Thus, a different pattern of craniomandibular variation found between studied populations could be associated with differences in orientation of the facial skeleton relative to the Dinaric-Balkan and Carpathian wolves in the cranial flexion of their skulls has not been observed before in any comparative study of wolf or canid populations. This could be because landmark-based geometric morphometrics have higher power to detect and visualize shape differences than distance-or angle-based traditional morphometrics. Present-day geographical separation of closely related populations is commonly explained as a relic of the last glacial maximum (25,000-10,000 years ago) when many species were reduced to refuges in nonglaciated areas. Hofreiter et al. (2004) failed to detect any phylogeographic patterns in mitochondrial DNA (mtDNA) sequences from populations of cave bears, brown bears, cave hyenas, and Neanderthals before the last glacial maximum that were similar to those observed in extant species. They suggested that current phylogeographic patterns are temporary remains of the last glaciation. Analyzing phylogeographies of 10 taxa in Europe, including mammals, amphibians, arthropods, and plants, Taberlet et al. (1998) found   FIG. 5. -Allometric and nonallometric components of cranial shape variation. a) Corresponding shape scores as a function of log-transformed centroid size (log CS). Wireframe deformation (above) represents shape changes associated with allometry. b) Scatter plot of the first 2 (PC1 and PC2) principal components. Wireframe deformations depict shape changes along the respective PC axes. White symbols: Dinaric-Balkan wolves (circles, females; triangles, males). Black symbols: Carpathian wolves (circles, females; triangles, males).
that the brown bear exhibits 2 mtDNA lineages. The eastern lineage is represented mainly by the large populations of Russia and Romania, whereas the western lineage, which includes the other European populations, is organized into 2 clades corresponding to 2 different Quaternary refuges. Increasing evidence suggests that the well-known European southern and eastern refuges were supplemented by cryptic refuges during the Late Pleistocene, for instance the Carpathian refuge (Bugarski-Stanojević et al. 2008; Hewitt 1999; Kotlik et al. 2006; Sommer and Nadachowski 2006) .
Genetic differentiation of wolves could be promoted by historical factors such as subdivision by Pleistocene glaciers. However, during interglacials highly mobile wolves could have rapidly expanded into favorable habitats, resulting in population admixture that would obscure the past historical population structure caused by Ice Age isolation ). The last glaciation ended about 10,000 years ago, and fragmentation of habitat started about 7,500 years ago due to the spread of agriculture from the Near East via Anatolia to all of Europe (Harris 1966) . Wolves, as top predators, could recolonize a particular area only when their prey had already done so. Both habitat fragmentation and interaction between wolves and their prey may have contributed to slower recolonization of this species from glacial refuges. Slow colonization retains genetic diversity while rapid colonization reduces it. The present genetic diversity obtained for wolves suggests slow recolonization.
No genetic study has been performed for the populations we studied. However, the magnitude of morphological differences between populations could be taken as an indication of genetic differentiation (Jolicoeur 1959) , and concordance of morphometric and genetic results has been reported in other studies of wolves (Lucchini et al. 2004; Nowak and Federoff 2002; Randi et al. 2000; Vilà and Wayne 1999) . Lucchini et al. (2004) suggested that despite the potential for high rates of dispersal and gene flow, Alpine and Apennine wolf populations were isolated genetically thousands of years ago as a consequence of natural landscape changes caused by the last Pleistocene glaciations, and that admixture of these wolf populations expanding from different glacial refuges could have been relatively recent. The same authors emphasized that the scenario of long-lasting isolation of wolves in the Italian Apennines, as proposed after genetic analyses, is supported by multivariate morphometric analyses of the skull performed by Nowak and Federoff (2002) .
Besides historical events, divergence in morphological shape across taxa, clades, or groups can be brought about by factors such as changes in developmental processes, different functional roles, and response to selective pressures (Barrow and Macleod 2008; Zelditch et al. 2004) . Additionally, allometry could be a significant factor in the generation of shape variation. Allometry accounted for relatively small percentages of mandibular and cranial shape variation, but statistically significant allometric effects were found. Regression slopes of shape versus log CS were homogeneous among the sexes and populations, but the intercepts were different, meaning that all of the wolves show similar patterns in allometric component of shape variation (larger mandibles are slightly narrower and larger crania are compressed dorsoventrally) but at different sizes. For both analyzed skull structures wireframe deformations associated with allometry were different from those that describe nonallometric shape changes, indicating general dissimilarity between the patterns of allometric and nonallometric components of shape variation.
Gray wolves are obligate carnivores that feed on large mammalian prey and frequently catch prey larger than themselves. Canids that take large prey have short, broad jaws, produce the largest bite forces, and possess very strong crania (Slater et al. 2009 ). Differences in hunting strategy for prey of different sizes can lead to specialization to local prey and thus to genetic differentiation among wolf populations in eastern Europe (Pilot et al. 2006 ). However, Dinaric-Balkan and Carpathian wolves share similar diets consisting primarily of livestock, roe deer, and wild boar (Milenković 1997) . Moreover, canids that consume large prey are universally social and dispatch such prey through repeated slashing bites (Christiansen and Wroe 2007) . Thus, the observed differences of the analyzed skull structures are unlikely to be related to dietary differences between the studied populations or to potential differences in prey use. However, dietary differences that could have existed in the past might have led to accumulation of shape changes.
In addition, ecological characteristics of the habitat may play an important role in shaping the skeleton. Okarma and Buchalczyk (1993) observed significant differences between mountain and lowland wolf populations in several craniometric characteristics, and Pilot et al. (2006) found that genetic differentiation among local wolf populations in eastern Europe was correlated with climate and habitat types. The analysis of skull variation in wolf specimens from northwestern Nearctic localities revealed differences that may express genetic differentiation through imperfect panmixis, but environmental influences also could be involved (Jolicoeur 1959) . Habitat heterogeneity of Dinaric-Balkan and Carpathian wolves could contribute to the observed shape changes between them. Although it is likely that Dinaric-Balkan and Carpathian populations exchange individuals in western Bulgaria (IUCN 2007) , several reasons suggest that this is not the case in Serbia. First, Dinaric-Balkan and Carpathian wolves are geographically isolated, because the former (sample area: 42u599N-43u529N and 17u579E-20u379E) live on the south side of the Danube River in western Serbia and BosniaHerzegovina, and Carpathian wolves (sample area: 44u549N-45u089N and 21u059E-21u249E) inhabit the northern side in northeastern Serbia. Second, a once densely forested continuum between the distribution areas of these populations has been seriously degraded by humans. If we omit the river and human settlements as possible but surmountable barriers, and bear in mind the great mobility of wolves, contact between individuals of the studied populations would be possible. However, 2 additional factors cannot be omitted easily and rely on the social behavior of the wolf. Gray wolves are highly social, pack-living animals, and single wolves are found in the wild only occasionally (Bibikov 1985) . Single wolves, typically old individuals driven from their pack or young adults, must travel very long distances to find suitable territories, prey, and mates. Dispersers must avoid the territories of other wolves because wolf packs rarely accept strangers and are ferociously territorial (Mech et al. 1998) . Milenković (1997) studied wolves in former Yugoslavia and identified 2 different phenotypes in pelt color in BosniaHerzegovina (yellowish to brownish from Bosnia and grayish from Herzegovina). On the basis of the experience of local hunters and from personal observation, he inferred that individuals of a certain pelt color rarely leave their native habitats regardless of their great ability to move. Therefore, Milenković (1997) concluded that wolves are oriented to their native habitat and presumed that this wolf feature in combination with geographical, ecological, and historical factors could play a significant role in wolf evolution. Likewise, many authors emphasized that wolf dispersal may be habitat-biased (Geffen et al. 2004; Gese and Mech 1991; Pilot et al. 2006) . Young wolves often stay in their natal packs for a long time, learn to prey on animals in their natal area (Mech and Boitani 2003) , and subsequently prefer habitats where these animals are abundant, thus increasing chances for survival (Gese and Mech 1991) . Pilot et al. (2006) proposed ''budding'' as additional support to habitat-biased dispersal. Budding represents one of the most common processes in pack formation, the establishment of a new pack close to the parental pack, and promotes selection of similar habitats by related individuals (Jędrzejewski et al. 2004; Mech and Boitani 2003) . Furthermore, Pilot et al. (2006) proposed a dispersal mechanism influenced by natal habitat as a link between population ecology and genetic structure of populations in wolves. Thus, orientation by wolves to their native habitat, as proposed by Milenković (1997) , would correspond to the dispersal mechanism biased by natal habitat that was suggested by Pilot et al. (2006) . Relatively high amounts of genetic variation and low levels of gene flow between populations in northwestern Russia and Finland were noted by Aspi et al. (2009) . These findings further emphasize the role of physical obstacles and territorial behavior in creating barriers to gene flow between populations in relatively limited geographical areas, even in large-bodied mammalian species with long-distance dispersal capabilities and an apparently continuous population structure.
Overall, the present-day separation of Dinaric-Balkan and Carpathian wolf populations could be explained as originating from 2 different glacial refuges. Although differences in skull shape between Dinaric-Balkan and Carpathian wolf populations could be due to accumulation of shape changes during their distinct evolutionary history, the observed morphometric divergence is not only a relic of the last glacial maximum but is further strengthened and shaped by synergistic effects of environmental factors and social behavior (territoriality and a dispersal mechanism influenced by natal habitat).
